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Effective massY0.225Sr0.775CoO3±d thin ﬁlms have been deposited on SrTiO3 (111), SrTiO3 (100), LaAlO3 (100) and MgO
(111) single crystals substrates at 500 C by pulsed laser deposition (PLD) method. The optical measure-
ments of these ﬁlms were studied by ellipsometric method in the spectral range from 310 to 1240 nm.
The dependence of the optical constants, the refractive index (n), the extinction coefﬁcient (k), the dielec-
tric loss (e8 ) and the dielectric tangent loss (e88 ) of these ﬁlms on the different single crystal substrates was
also studied. The normal dispersion of refractive index of the ﬁlms could be described using the Wemple–
DiDomenico single oscillator method. The optical dispersion parameters Eo and Ed were determined
according to the above oscillator method. Y0.225Sr0.775CoO3±d thin ﬁlms on different substrates have
two direct and indirect allowed transitions corresponding to the energy gap Edg and E
ind
g . The variation
in either Edg or E
ind
g with different substrates revealed that, orientation of the substrates affected the energy
gap value. Other optical parameters such as the surface energy loss function and the volume energy loss
function. were calculated optically. The effective mass of the ﬁlm has also been calculated from both elec-
trical and optical measurements.
 2013 The Authors Published by Elsevier B V. . . Open access under CC BY-NC-ND license.1. Introduction
Transition metal oxides, which can be consisted of transition
metals such as Co and Mn, exhibit extraordinarily interesting phys-
ical properties, such as superconductivity, thermoelectricity, ferro-
magnetism, and giant magnetoresistance [1–4]. In addition, when
a strong electron–electron interaction is involved, the electronic
transport and magnetic properties can be dramatically varied,
and this is based on Mott–Hubbard metal–insulator transition
[5]. Molecular modeling is a useful tool for studying metal oxides
specially for investigating their physical properties. The mecha-
nism of interaction between metal oxide surfaces and some gases
could be described. The application of SnO2 as a gas sensor was
investigated by molecular modeling [6,7].For A-site ordered perovskite Sr1xRxCoO3 (R: rare earth ele-
ment) with the Co oxide perovskite structure, the doping level
can change the electronic transport and magnetic properties by
changing the spin state of Co ions, and this can provide a theoret-
ical understanding of transition metal oxides as well as an oppor-
tunity for the application of these magnetic materials. In addition,
the room temperature ferromagnetism is one of the advantageous
keywords for the application of magnetic material [8,9]. In recent
years, among the CoO6 octahedron based structures, YxSrx1CoO3
is one of R1xSrxCoO3 family, which shows room temperature ferro-
magnetism with a Curie temperature of 335 K in a narrow range of
0.2 6 x 6 0.25 [10,11]. From a practical point of view, the thin ﬁlm
study of Y0.225Sr0.775CoO3±d can yield the opportunity of applica-
tions which utilize the variations of the physical properties
depending on the strained structure of thin ﬁlms under various
stresses.
As a results of the importance of the metal oxides as a promis-
ing material for optoelectronic materials [12,13]. The Optical prop-
erties for binary oxide metals had been studied in order to
determine the optical parameters of these compounds [14–16].
On the other hand the optical properties of ternary oxides were
studied [17–20].
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ﬁlms were successfully grown on (100) and (111) SrTiO3 (STO),
(100) LaAlO3 (LAO), and (111) MgO substrates by the pulsed laser
deposition (PLD) method. All YSCO thin ﬁlms exhibited ferromag-
netic hysteresis loops except the YSCO thin ﬁlm on (100) SrTiO3
substrate at room temperature. Peculiarly, super paramagnetic
property was observed in the YSCO thin ﬁlm on (100) STO
substrate.
In this study, we have used the ellipsometric technique to study
the optical properties of epitaxial Y0.225Sr0.775CoO3±d thin ﬁlms that
were grown on (100) STO, (111) STO, (100) LAO and (111) MgO
substrates by using pulsed laser deposition (PLD) technique.2. Theoretical background
Spectroscopic ellipsometry (7SE) is a nondestructive technique
to measure the optical properties of semiconductors. The mea-
sured parameters using ellipsometric method are W and D, which
related to the Fresnel reﬂection coefﬁcients, Rp (parallel) and Rs
(perpendicular to the plane of incidence), are determined using
the following formula [21]:
l ¼ rp
rs
¼ W exp ðiDÞ ð1Þ
Ellipsometery is a very sensitive measurement technique that
uses polarized light to characterize thin ﬁlms. Because of the ellip-
sometery measures the ratio of two Frenel reﬂection coefﬁcient
values (Rp and Rs for p and s polarized light), it can be highly accu-
rate and very reproducible [22].
tanub ¼
n2
n1
q ¼ tan w eiD ¼ Rp
Rs
ð2Þ
where u is the Brewster angle, W is magnitude and take a value of
0–90 and D is the phase difference and its value is in the range 0–
360 C, Ellipsometery is primarily used to measure ﬁlm thickness
and optical constants n and k, where n is the refractive index of
the ﬁlm and k is the extinction coefﬁcient according to the following
equations [22]:
nðkÞ ¼ nðkÞ þ ikðkÞ ð3Þ
~eðkÞ ¼ e1ðkÞ þ ie2ðkÞ ð4Þ
n ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
e21 þ e22
2
r
ð5Þ
k ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
½e1 þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ðe21 þ e22Þ
q

2
vuut ð6Þ
For the calculation of optical parameters of semiconductors,
many kinds of model dielectric functions have been adopted
[15,22,23]. In our work, Tauc-Lorentz (TL) model is used to ﬁt the
experimental SE data. The T-L dispersion model was obtained from
the Tauc joint density of states and the quantum mechanical Lor-
entz oscillator model in order to describe the spectral dependence
of the dielectric function [24]. The T-L dispersion model is pre-
sented by the following equations
e2ðEÞ ¼
AE0CðEEg Þ2
ðE2E20Þ
2þC2E2
 1E ðE > EgÞ
0 ðE  EgÞ
8<
: ð7Þ
e1ðEÞ ¼ e1 þ 2Pp
Z 1
Eg
ne2ðnÞ
n2  E2 dn ð8Þwhere P is the Cauthy principal part of the integral. The four ﬁtting
parameters Eg, A, Eo, and C are in units of energy. In Fig. 1, we have
compared the experimental data and lines ﬁtted by T-L dispersion
formula of the Y0.225Sr0.775CoO3d (YSCO) thin ﬁlms.3. Experimental procedure
3.1. Bulk preparation
Bulk target of Y0.225Sr0.775CoO3±d composition was prepared by
the conventional solid-state reaction method using high purity
stoichiometric amounts of Y2O3 (4 N, MTI), SrCO3 (5 N, Cerac),
and Co3O4 (4 N, Aldrich). The mixtures were well ground and pal-
letized and high purity stoichiometric amounts of YSCO were
mixed in molar ratio of Y:Sr:Co = 0.225:0.775:1.000 with Y2O3
(99.99%, MTI), SrCO3 (99.999%, Cerac), and Co3O4 (99.99%, Aldrich).
The mixtures were well ground, palletized, and ﬁred in air environ-
ment at 1000 C for 12 h, at 1100 C for 12 h, and ﬁnally at 1170 C
for 48 h with intermediate grinding.
3.2. Thin ﬁlm preparation
Y0.225Sr0.775CoO3±d (YSCO) thin ﬁlms were simultaneously
grown on single crystal LAO (100) STO (100), STO (111), and
MgO (111) substrates by PLD method.
Y0.225Sr0.775CoO3±d thin ﬁlms were prepared under vacuum
1  106 Torr and oxygen pressure of 200 m Torr was maintained
prior to the deposition of YSCO thin ﬁlm. For the optimal thin ﬁlm
growth, the substrate temperature and the distance between target
and substrate were 500 C and 6 cm, respectively. For the struc-
tural determination of thin ﬁlms, X-ray diffraction data were ob-
tained by conventional laboratory X-ray (Cu Ka radiation). The
thickness of the YSCO thin ﬁlms was about 850 nm determined
from the spectroscopic ellipssometry.
The structure of these ﬁlms were studied using X-ray diffraction
in order to conﬁrm the orientation plane of YSCO thin ﬁlms on STO
(111), STO (100), LAO (100) and MgO (111) substrates.
The surface topography of these ﬁlms was studied using Atomic
Force Electron Microscope type (Seiko SPA400) which has a large
FWHM value of (111) rocking curve of about 1.6. From in-plane
and out-of-plane XRD peaks.
The optical constants such as refractive index (n), extinction
coefﬁcient (k) and dielectric constants (e1, e2), were measured
using ellipsometer spectrophotometer (JASCO) in the wavelength
range of 310–1240 nm. The optical parameters such as optical en-
ergy gap and oscillating energy for these ﬁlms were also
determined.4. Results and discussion
The raw data in the form of IS and IC have been ﬁtted automat-
ically by the software DeltaPsi, as shown in Fig. 1(c and d). Here,
IS = sin(2w)  sin(D) and IC = sin(2w)  cos(D). The ﬁtting results
are shown in Table 1. The ﬁt lines are consistent with the experi-
ment result with an allowed X2 (X2 is the mean-square error stand-
ing for good ﬁt to the data) [24]. Where the angles w and D are the
standard ellipsometric angles representing a change in amplitude
and phase shift, respectively, upon reﬂection as shown in Fig. 1(a
and b) for Y0.225Sr0.775CoO3±d thin ﬁlms on the different substrates.
Fig. 2(a) shows the values of extinction coefﬁcient (k) against
the photon energy (hm). It is shown from Fig. 2(a) that there is a
change of k for all different kind of substrates. Fig. 2(b) illustrates
the spectral dependence of the measured refractive index (n) for
Y0.225Sr0.775CoO3±d thin ﬁlms. It is shown that the effect of a single
crystal substrate on values of extinction coefﬁcient (k) and the
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Fig. 1. (a and b) The angles w and D are the standard ellipsometric angles representing the change in amplitude and phase shift, respectively, upon reﬂection. (c and d) the
correlation between the experimental data (closed symbols) for the Y0.225Sr0.775CoO3±d ﬁlms and proﬁles ﬁtted by the T-L dispersion formula. IS = sin(2w)  sin(D),
IC = sin(2w)  cos(D), which are the direct data ﬁtted automatically by the software DeltaPsi 2.
Table 1
Shows the ﬁtting, laatuce constant and both of direct and indirect energy gap.
Single crystal substrate Lattice mismatch [%] Edirg [eV] E
d
g [eV] Eo [eV] Ed [eV] M-1 M-3 [eV]
2
LAO (100) 1.1(+) 1.78 1.30 3.59 9.93 2.77 0.21
MgO (111) 8.7() 1.81 1.38 3.76 10.0 2.66 0.19
STO (100) 1.5 () 1.83 1.46 3.10 7.94 2.60 0.28
STO (111) 1.5 () 1.90 1.42 3.10 6.72 2.17 0.23
Edirg , direct energy band gap; E
ind
g , indirect energy band gap.
Fig. 2. (a) Extinction coefﬁcient, (b) refractive index, (c) dielectric loss e8 , and (d) dielectric tangent loss as a function of photon energy.
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170 A.I. Ali et al. / Results in Physics 3 (2013) 167–172refractive index (n) is may be due to the change in the ﬁlm struc-
ture affecting the plane and kind of substrate. The refractive index
peak in Fig. 2(b) increases from MgO (111) substrate until STO
(100) substrate. This increase of the refractive index means that
the material is more optically dense.
The dependence of real part of dielectric loss e8 with photon en-
ergy is shown in Fig. 2(c), for these studied ﬁlms with different
substrates; e8 can be estimated from the relation [23].
e8 ¼ ðn2 þ k2Þ ð9Þ
It is shown from the above ﬁgure that, the effect of the kind of
substrate appears only at high photon energy. Fig. 2.d shows
the spectral dependence of the dielectric tangent loss (e88 ) of the
Y0.225Sr0.775CoO3±d thin ﬁlms with different substrates. The e2 can
be calculated from both n and k due to the relation [24]:
e88 ¼ 2nk ð10Þ
Another important two parameters which can be used to describe
the optical transitions for electrons in this investigated material
were the surface energy loss function (SELF), which describes the
electron transition in thin ﬁlm [24], and the second parameter
was volume energy loss function (VELF), which describes the elec-
tron transitions in the bulk materials [25], which the value of
SELF/VELF describes the electron transitions in this material at
low and high energy [25]. The surface energy loss function (SELF)
of these ﬁlms with different substrates was calculated and plotted
as function of photon energy as shown in Fig. 3(a) using the follow-
ing equation [24]:
SEL ¼ e2
ðe1 þ 1Þ2 þ e22
ð11Þ
From this ﬁgure, it was seen that, the surface energy loss is
changed due to the change in the kind of substrate, this is due to
the electron transition energy has been changed as a result of
change the used substrate.
Also, the volume energy loss function is changed due to the
change in the kind of substrate (see Fig. 3(b) where the volume en-
ergy loss can be determined due to the relation [24].
VEL ¼ e2
e21 þ e22
ð12ÞFig. 3. (a) Surface energy loss, (b) volume energy loss, and (c) SEL/VEL as a functioFig. 3(c), shows the surface energy loss/volume energy loss against
the photon energy. This means that the change of kind of substrate
affects strongly the electron transition of these ﬁlms.
The refractive index values of the thin ﬁlms show signiﬁcant
differences (as shown, in Fig. 2(c). This is due to major contribution
of virtual electronic transition in the YSCO thin ﬁlms. This leads to
a signiﬁcant change in the optical parameters. In the inter-band re-
gion there is an appreciable modiﬁcation of the refractive index. A
peak is observed in the refractive index spectra of the compound
and shifts toward higher photon energies. Dispersion plays an
important role in the research for optical materials of oxide thin
ﬁlm, because it is a signiﬁcant factor in optical communication
and in designing devices for spectral dispersion. The results of
the refractive index below the inter-band absorption edge corre-
spond to the fundamental electronic excitation spectrum.
The end values of the refractive index (n) can be ﬁtted to an
approximate function such as theWemple–DiDomenico dispersion
relation (single–oscillator model) [26].
n2ðhvÞ  1 ¼ EoEd
E2o  E2
ð13Þ
where Eo is the single-oscillator energy and Ed is the dispersion en-
ergy or the single-oscillator strength. By plotting (n21)1 versus
(hm)2 and ﬁtting straight lines as shown in Fig. 3(d) Eo and Ed deter-
mined from the intercept will equal Eo/Ed, while the slope of this
line is (Eo Ed)1. The oscillator energy (Eo) is the average energy
gap and to a good approximation scales with the optical band gap
(Edg), Eo  2Edg as was found by Tanaka [27]. Table 1 also shows the
values of refractive index (no2) at steady state (hm = 0) for Y0.225-
Sr0.775CoO3 thin ﬁlms with different substrates. The obtained values
of Eo, Ed and no2 are listed in Tables 1 and 2. It was observed that
single-oscillator energy Eo and the dispersion energy Ed change with
the change of substrates (Tables 1 and 2).
On the basis of the above mentioned model (single–oscillator
model), the single–oscillator model parameters Eo and Ed are re-
lated to the imaginary part of the complex dielectric constant
(e2), the M-1 and M-3 moments of e2 (hm) optical spectrum [28]
can be derived from the relation:
E2 ¼
M1
M3
ð14Þn of photon energy, with (d)1/(n1)2 as a function of square photon energy.
Table 2
The calculated values of lattice dielectric constant (eL), (N/m⁄) the ratio of carrier concentration to its effective mass, carrier concentration (N), linear part to intercept of the
reractive index (no2) and the oscillator strength (f).
Single crystal substrate eL (N/m⁄) (cm3 gm1) N [cm3] m⁄ (gm) no2 f [eV]2
LAO (100) 1.53 5.10  1047 6.60  1018 1.20  1029 3.72 35.63
MgO (111) 1.61 4.20  1047 9.90  1019 2.40  1028 3.65 37.51
STO (100) 1.43 7.10  1047 1.1  1022 1.40  1028 3.52 24.26
STO (111) 1.48 8.20  1047 9  1021 1.20  1028 3.16 20.82
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M31
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ð15Þ
Table 1 shows the values of the M-1 and M-3. The data show the
variation of M-1 and M-3 moments with the different substrates of
the Y0.225Sr0.775CoO3 thin ﬁlms.
The change of the free carrier concentration following from the
analysis of the value of the absorption coefﬁcient (a), we determine
the value of absorption coefﬁcient from the following relation:
a ¼ 4pk
k
ð16Þ
where k is the extinction coefﬁcient, and k is the wavelength of the
incident light. Fig. 4(a) shows the relation between absorption coef-
ﬁcient (a) and the photon energy (hm) of Y0.225Sr0.775CoO3 thin ﬁlms
with different substrates. Fig. 3 illustrates that there is a change in
the value of the absorption coefﬁcient (a) due to the change of kind
of substrates.
The optical energy gap (Eg) was determined from the optical
absorption curve using the imperial equation [29]:
a ¼ Aðhv  EgÞp ð17Þ
where A is a constant, Eg is the energy band gap, m is the frequency
of the incident radiation and h is Planck’s constant. The constant P
takes different values depending on the kind of optical transition
of these ﬁlms. P = 0.5 for direct allowed transition (direct energy
gap) and for indirect allowed transition the value of P will equal
2. Fig. 4(b) shows the relation between (ahm)2 and photon energy
(hm) which describes the direct allowed transition for these ﬁlmsFig. 4. (a) Absorption coefﬁcient, (b) (ahm)2, and (c) (ahm)1/2 as a functiowith different substrates. The direct energy gap (Edg) was deter-
mined by extrapolating the linear tangent for these spectra to inter-
cept the photon energy axis for all samples. From the values of
direct energy gap it was seen that the kind of substrate depends
strongly on the direct energy gap (Edirg ) as shown in Table 2.
On the other hand the indirect energy gap for these studied
ﬁlms were determined by studying the relation between the value
of (ahm)0.5 and photon energy (hm). The determined values for both
direct and indirect energy gap for these samples are shown in Ta-
ble 2. From the data in Tables 1 and 2, we got ﬁlms with two kinds
of optical energy gap, this could be attributed to that these ﬁlms
are not completely polycrystalline.
The dielectric constant is partially due to free electron and par-
tially due to bound electrons as represented by the following rela-
tion [30,31]:
n20 ¼ eL 
e2
pec2
 
N
m	
 
k2 ð18Þ
where eL is the lattice dielectric constant, eo is the permittivity of
free space. E is the charge of electron, c is the speed of light and
(N/m⁄) is the ratio of carrier concentration to its effective mass.
The dependence of n2 and k2 is a linear behavior as shown in
Fig. 4(d). The lattice dielectric constant eL and m⁄ can be calculated
by extrapolating the linear part to intercept the no2 axis and the
slope, respectively. It is found that, the ratio (N/m⁄) in g1 cm3
changes with the change of the substrate type as shown in Table 2.
By knowing the carrier concentration N (Hall measurements from
our previous work) [32], we can calculate m. Table 2, shows the
relation between m⁄ and types of substrates, from this table, itn of photon energy, and (d) n2 as a function of square wavelength.
172 A.I. Ali et al. / Results in Physics 3 (2013) 167–172was found that the effective mass increases with substrate from
STO (100) to LAO (100). The value of no for these ﬁlms was deter-
mined and the relation between no2 values and kind of substrate is
shown in Table 2.
When an electron absorbs a photon from light radiation and is
consequently excited to a higher energy sub-band. The optical
oscillator strengths (f) for optical transitions considered as absorp-
tion of a photon by the electron between the initial state and the
ﬁnal state. The transition rate is proportional to the square of the
oscillator strength. The oscillator strength may therefore be re-
garded as an indicator of how strongly the materials interact with
the radiation. Therefore, the oscillator strength (f) is an important
parameter which was calculated using the following equation [32]:
f ¼ EEd ð19Þ
The calculated values of (f) are in Table 2, from this table it was
found that the value of f changes with changing the kind of
substrates.
5. Conclusion
In summery Y0.225Sr0.775CoO3±d thin ﬁlms have been deposited
on STO (111), STO (100), LAO (100) and MgO (111) single crystal
substrates by pulsed laser deposition (PLD) method. The optical
properties of the thin ﬁlms have been investigated. The depen-
dence of the optical constants, the refractive index (n), extinction
coefﬁcient (k), dielectric constant (e1) and dielectric tangent loss
(e2) of these ﬁlms on the different substrate was studied. The nor-
mal dispersion of the refractive index of the ﬁlms could be de-
scribed using the Wemple–DiDomenico single oscillator method.
The optical dispersion parameters like Eo and Ed were determined
according to the oscillator theory. Y0.225Sr0.775CoO3±d thin ﬁlms
on different substrates have both direct and indirect allowed tran-
sitions corresponding to the energy gap Edirg and E
ind
g . The variation
in either Edirg or E
ind
g with different substrates revealed that, the ori-
entation of the substrates affected the energy band-gap. The dis-
persion and oscillating energy for these ﬁlms showed that, the
kind of substrate affects the values of these calculated parameters.
The effective mass as well as the VEL and SEL of these ﬁlms were
calculated optically. This opens the door that we can simply con-
trol the structure, optical properties and effective mass for materi-als by changing the used substrate, this leads to important
industrial applications such as, electronic and optoelectronic de-
vices with low cost.
References
[1] Shimojima T, Ishizaka K, Tsuda S, Kiss T, Yokoya T, Chainani A, et al. Phys Rev
Lett 2006;97:267003–6.
[2] Kenji S, Hiromichi O, Masahiro K, Hideo H, Kunihito K. Appl Phys Lett
2006;89:032111–32113.
[3] Matsuno J, Okimoto Y, Fang Z, Yu X, Matsui Z, Nagaosa N, et al. Phys Rev Lett
2004;93:167202–5.
[4] Masset AC, Michel C, Maignan A, Hervieu M, Toulemonde O, Studer F, et al.
Phys Rev B 2000;62:166–75.
[5] Khaliullin G, Koshibae W, Maekawa S. Phys Rev Lett 2004;93:176401–4.
[6] Elhaes H, Medhat I, Mahmoud S, Jinhuai L, Jiarui H. Sens Lett 2009;7:530–4.
[7] El Okr M, Mohamed A, Medhat I. Sens Lett 2011;9:1750–4.
[8] Yoshinori N, Hiroki M, Koji T, David D, Naoki W, Shinji Y, et al. Appl Phys Lett
2006;89:162507–9.
[9] Tehrani S, Engel B, Slaughter J, Chen M, DeHerrera E, Durlam M, et al. IEEE
Trans Magn 2000;36:2752–6.
[10] Fukushima S, Sato T, Akahoshi D, Kuwahara H. J Appl Phys 2008;103. 07F705–
07F707.
[11] Zhang Y, Sasaki S, Odagiri T, Izumi M. Phys Rev B 2006;74:214429–35.
[12] Blasse G. Mater Chem Phys 1987;16:201–36.
[13] Greskovich C, Duclos S. Annu Rev Mater Sci 1997;27:69–88.
[14] Shamala KS, Murthy LCS, Narasimha Rao K. Mater Sci Eng B 2004;106:269–74.
[15] Augilar-Frutis M, Garcia M, Falcony C. Appl Phys Lett 1998;72:1700–2.
[16] Nahar RK, Khanna VK. Sens Actuators B 1998;46:35–41.
[17] Tissue BM, Yuan HB. J Solid State Chem 2003;171:12–8.
[18] Gordon WO, Carter JA, Tissue BMJ. Luminescence 2004;108:339–42.
[19] Dujardin C, Le Luyer C, Martinet C, Garapon C, Mugnier J, Murrillo AG. Nucl Inst
Methods Phys Res A 2005;537:237–41.
[20] Hüfner S. Optical spectra of transparent rare earth compounds. New York,
NY: Academic Press; 1978.
[21] Tom Pkims HG, McGahan WA. Spectroscopic ellipsometry and reﬂectometry.
New York: John Wiley & Sons; 1999.
[22] Aleksandra B, Djurísic´, Herbert Li E. Optics Commun 1998;157:72–6.
[23] Ammar AH, El-Sayed BA, El-Sayad EAJ. Mater Sci 2002;37(15):3255–60.
[24] Tan GL, DeNoyer LK, French RH, Guittet MJ, Gautier-Soyer M. Mater Sci Eng
2000;294–296:867–70.
[25] Wemple SH, DiDomenco M. Phys Rev B 1971;3:1338–51.
[26] Tanaka K. Thin Solid Films 1988;66:271–9.
[27] Farid AM, El-Zawawi IK, Ammar AH. Vacuum 2012;86:1255–61.
[28] Aranda J, Morenza JL, Esteve J, Codina JM. Thin Solid Films 1984;120:23–30.
[29] Kumar GA, Thomas J, George N, Kumar BA, Radhkrisnam P, Nempoori VPN,
Vallobhan CPG. Phys Chem Glasses 2000;41:89–93.
[30] Ammar AH. Physica B 2001;296:312–8.
[31] Son JY, Park CS, Ali AI. Electrochem Solid-State Lett 2008;11:G59–61.
[32] Wemple SH, DiDomenico Jr M. Phys Rev Lett 1969;23:1156–60.
